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Abstract 
Plasmonics has been attracting considerable interest as it allows localization of light at 
nanoscale dimensions. A breakthrough in integrated nanophotonics can be obtained by 
fabricating plasmonic functional materials. Such systems may show a rich variety of novel 
phenomena and also have huge application potential. In particular magnetooptical materials are 
appealing as they may provide ultrafast control of laser light and surface plasmons via an 
external magnetic field. Here we demonstrate a new magnetooptical material: a one-dimensional 
plasmonic crystal formed by a periodically perforated noble metal film on top of a ferromagnetic 
dielectric film. It provides giant Faraday and Kerr effects as proved by the observation of 
enhancement of the transverse Kerr effect near Ebbesen’s extraordinary transmission peaks by 
three orders of magnitude. Surface plasmon polaritons play a decisive role in this enhancement, 
as the Kerr effect depends sensitively on their properties. The plasmonic crystal can be operated 
in transmission, so that it may be implemented in devices for telecommunication, plasmonic 
circuitry, magnetic field sensing and all-optical magnetic data storage. 
 
 
Introduction 
Plasmonics merges photonics and electronics at the nanoscale [1-5] and may offer 
breakthrough solutions for fully integrated photonics, allowing one to squeeze light into 
nanodevices. Widely spanned suggestions for plasmonic applications concern 
telecommunication, plasmonic circuitry, nanolithography, solar cells etc. [1-5]. Surface plasmon 
polaritons (SPPs) – coupled oscillations of the electromagnetic field and the electron plasma in a 
metal – play a decisive role in plasmonics. A prominent feature of SPPs is that they concentrate 
electromagnetic energy in a nanoscale volume near a metal/dielectric interface and thus increase 
light – matter interaction, leading to an enhancement of nonlinear effects and Raman scattering 
[6,7]. The huge potential of plasmonics has still not been fully explored so far, and the discovery 
of many interesting phenomena can be expected. In this respect, functional materials that change 
their properties due to an external stimulus are very prospective. 
Here we consider a plasmonic structure that incorporates a magnetic medium making the 
SPPs and therefore also light sensitive and controllable by an external magnetic field. We 
demonstrate that such a tailored plasmonic nanostructure leads to a huge enhancement of 
magnetooptical effects. The problem of plasmonic materials considered so far has been the 
smallness of magneto-optical effects, excluding basically their application. This problem has 
been solved now as the increase of magneto-optical effects can reach 3 orders of magnitude at 
room temperature. 
Examples of magnetooptical effects are the Faraday effect and the family of Kerr effects. 
They provide rotation of the polarisation of transmitted light by the Faraday effect and of 
reflected light by the polar and longitudinal Kerr effects [8]. As such, they are highly interesting 
for modulation of light beam intensities. If the applied magnetic field is perpendicular to the light 
incidence plane a magnetisation induced change of the reflected light intensity is observed which 
is referred to as the transverse magnetooptical Kerr effect (TMOKE) [8]. 
The magnetooptical effects in smooth single ferromagnetic films are usually not sufficiently 
large. It is this smallness which has been preventing an invasion of magnetooptics into applied 
nanophotonics. Therefore it is essential to seek for a strategy to enhance magneto-optical effects, 
for which there are several ways. While the potential of methods relying on material synthesis is 
almost exhausted, nanostructuring is very prospective for tailoring the optical properties of 
materials [9]. This approach reflects a new paradigm of modern optics in which optical 
properties are mainly determined by Fano-type geometrical resonances rather than by electronic 
ones. An example of a fruitful magnetooptical implementation of this approach is a 
magnetophotonic crystal providing a considerable enhancement of the Faraday effect [10-12]. 
Plasmonics provides another approach to boost magnetooptical effects. Early papers 
addressed SPPs propagating along the smooth surface of a ferromagnetic film [13-15] or along a 
smooth semiconductor surface in a transverse external magnetic field [16]. In that case, the 
magnetic field modifies the SPP wave vector but leaves its transverse magnetic polarization 
(TM) unchanged. An SPP assisted increase of the TMOKE at a ferromagnetic metal surface was 
reported [17-20] as well as an enhancement of the TMOKE in bimetallic systems consisting of a 
noble and a ferromagnetic metal [21-23]. Nanostructured plasmonic systems were investigated in 
[24-29], where an increase of the TMOKE was reported for one-dimensional Co and Fe gratings 
[24,25], for noble metals in a high external magnetic field [26], and for noble-
metal/ferromagnetic-metal multilayers with periodic perforations or protrusions [27,28].  
The main disadvantage of most of the aforementioned approaches is that the optical losses 
associated with the presence of a ferromagnetic metal are relatively high. This limits exploiting 
fully the potential gain of the combined concepts of nanostructuring and plasmonics in magneto-
optics. If the ferromagnetic metals were avoided as in the case of pure semiconductor or noble 
metal systems, huge external magnetic fields exceeding several Tesla would be necessary to 
make the TMOKE at least comparable with the effect in ferromagnets. 
In this paper we pursue the concepts of nanostructuring and plasmonics by demonstrating a 
new type of nanophotonic material that is a plasmonic crystal consisting of two thin films, a 
smooth ferromagnetic dielectric below a noble metal perforated with subwavelength slits (Fig.1). 
The proposed material therefore exhibits gyrotropic, plasmonic and nanopattern features. 
Because of its constituents it has a large specific Faraday rotation due to the ferromagnetic 
dielectric (the bismuth rare-earth iron garnet in our case) and record small optical losses for 
wavelengths above 650 nm (due to the nanostructured noble metal). Our previous theoretical 
investigations showed that in these structures the magnetooptical Faraday and Kerr effects can be 
resonantly increased, in particular near the Rayleigh-Wood resonances [30,31]. Here these 
predictions were assessed by fabricating the proposed structure and demonstrating outstandingly 
enhanced TMOKE (by about 103 times) in transmission. Our development therefore represents a 
crucial step towards advanced magnetooptics. 
 
Surface magnetoplasmons, Wood anomalies and extraordinary magnetooptics 
TMOKE is usually characterized by the relative change δ of reflected light intensity R(M) 
when a medium’s magnetization M is reversed: 
( ) )0()()( RRR MM −−=δ .     (1) 
This change originates from the magnetic field induced change of boundary conditions at the 
magnetic layer surface, and attains maximum values for oblique incidence of p-polarized light 
(electric field vector E parallel to the incidence plane) while it almost vanishes for s-polarization 
[8]. Usually, for smooth ferromagnetic metals δ is on the order of 10-3 setting strong limits to its 
applicability [8,32]. The TMOKE’s counterpart in transmission may also occur, for which the 
necessary condition is a difference between the opposite magnetic-film boundaries. However, it 
is difficult to be observed because of the small transmission through ferromagnetic metals in 
addition to its small magnitude [33]. We in what follows concentrate on the observation of the 
TMOKE in the magnetoplasmonic crystal in transmission. 
In absence of an external magnetic field the magnetization M of the ferromagnetic film used 
in our experiments (see Suplementary-2) is perpendicular to its surface. It can be reoriented 
parallel (Fig.1 a) or perpendicular (Fig.1 b) to the slits in the noble metal by application of an 
external magnetic field. The incident light is either p-polarised or s-polarised (electric field E 
perpendicular to the incidence plane). The incidence plane is perpendicular to M. 
Using a linear approximation for the dependence of the permittivity tensor describing the 
ferromagnetic film on the gyration (the magnetooptical parameter) this tensor is given by: 
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where xg  and yg  are the components of the gyration vector Mg a=  [8]. The magnetic tensor 
μ  is taken to be unity, since the magnetic dipole response at optical frequencies is very weak 
[34].The gold metallic layer is characterized by the dielectric function 1ε  [35]. 
There are several vectors that characterize the optical and magnetooptical response of the 
system. These are the incident light wave vector k, the polarization vector P, and the lattice 
vector D (see Fig. 1a). Together they determine the necessary condition for the excitation of 
SPPs in the slit grating system: ( ) 0≠⋅DP  and they also determine the SPPs quasimomentum 
SPPk : 
xmD ekk )π2(SPP += ,    (3) 
where m is an integer and xe  is a unit vector along the x-axis. Thus, in the conventional 
configuration (Fig. 1a) SPPs can be generated by p-polarised light, while for the second 
configuration (Fig. 1b) it is the s-polarisation which can excite SPPs. 
The other two important vectors are the magnetization M, and a vector N normal to the 
metal-dielectric interface. The necessary condition for the occurrence of TMOKE is [ ] 0≠×Nk . 
The cross product [ ]NM ×  is also very important. It is nonzero near the surface of the 
magnetized film. The magnetic field breaks the symmetry with respect to time reversal, while the 
interface (and the N vector normal to it) breaks the space inversion. Interestingly, space–time 
symmetry breaking is characteristic of media with a toroidal moment τ which has transformation 
properties similar to the ones of [ ]NM ×  [36]. Consequently, the problem of SPP propagation 
along the interface of a transversely magnetized medium is similar to that of electromagnetic 
wave propagation in a bulk medium with a toroidal moment parallel to this direction. In 
electrodynamics, a toroidal moment is known to give rise to optical nonreciprocity as manifested 
by a difference between the wave vectors for waves propagating forward and backward with 
respect to the toroidal moment [37]. An expression for optical nonreciprocity can be derived for 
SPPs by solving the Maxwell equations for metallic and magnetic layers with appropriate 
boundary conditions [23,31]. For a smooth metal/magnetic-dielectric interface it is given by 
( )ygck α1εε εεω 21 21spp ++= ,      (4) 
where ω  is the incident light frequency, c  is the light velocity in vacuum, and 
( ) ( ) 121222/121 εε1εεα −− −−= .  
The nonreciprocity effect is a prominent inherent feature of the SPP assisted TMOKE, as can 
clearly be seen for a smooth metal/dielectric interface. If one works far from the plasmonic 
resonance one usually observes a monotonic featureless reflection spectrum and the TMOKE 
signal is quite small even for metal ferromagnets. On the contrary, at the SPP resonance a 
pronounced dip appears in the reflection spectrum. Since the SPP wave vector differs for 
opposite magnetizations according to (4), the reflection dip shifts with magnetic field to smaller 
or higher frequencies and the TMOKE signal becomes enhanced by about an order of magnitude. 
Actually, in the frequency range of SPP generation, the TMOKE parameter δ is approximately 
equal to a product given by the frequency derivative of the reflection spectrum and the magnetic 
induced frequency shift. The steeper the resonance is, the larger is the TMOKE. Thus, TMOKE 
enhancement through SPPs occurs even for a smooth interface. However, there are drawbacks in 
this approach. Firstly, to excite SPPs at the interface between a metal and a magnetic film, the 
refractive index of the prism (in Kretschmann geometry) must be larger than the refractive index 
of the magnetic film, which is rather difficult to fulfill. Secondly, sputtering of the opaque metal 
layer onto the dielectric reduces the transmission to zero preventing operation in transmission. 
That is why a transfer of the hybrid approach to systems with perforated metal may be worth to 
be considered. 
Ebbesen et al. [38] demonstrated the phenomenon of extraordinary optical transmission in 
perforated metal films where pronounced peaks appear in the transmission spectrum so that the 
structure is much more transparent than a smooth gold film. This phenomenon is present even 
for very narrow slits, and allows one to fabricate a perforated sample with large transmission 
resonances and the possibility to excite SPPs almost undisturbed by the metal film 
discontinuities. With such a structure we expect that it may be possible to observe TMOKE in 
transmission, which is of prime importance for applications. 
The exact analytical description of such a system with periodic nanostructuring is extremely 
difficult. Nevertheless, a semiquantitative analysis is feasible. The SPPs in the periodic system 
are characterized by their quasimomenta sppk  in the first Brillouin zone. It can be shown [39] that 
the SPP excitation frequency for the magnetized sample is shifted from the non-magnetized one 
by  
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where ξ  is a coefficient depending on the electromagnetic field distribution at the interface, and 
( )sppk0ω  is the eigenfrequency of the SPP in the nonmagnetic case. Nonreciprocity is also present 
in the perforated magnetoplasmonic structure. It is governed not only by the gyration vector and 
the dielectric constants of the heterostructure constituents, but also by the electromagnetic field 
distribution at the interface, i.e., it depends on the grating parameters. Moreover, since the 
TMOKE in this case resembles the frequency derivative of the resonances in the reflection or 
transmission spectrum, it also depends strongly on the shape of these spectra. 
It was shown that the Wood anomalies [40], i.e. the features in transmission and reflection 
spectra related to SPP excitation in metal gratings, are Fano resonances having a characteristic 
asymmetric profile with a maximum followed by a minimum (or vice versa) [41]. The origin of 
the Fano shape is interference between resonant processes in the excitation of eigenmodes of the 
structure, such as quasi-waveguide modes, SPPs, slit modes, etc. plus a nonresonant contribution 
from the radiation directly scattered by the grating without excitation of eigenmodes. If the 
nonresonant process is negligible, then the frequency dependence has the standard symmetric 
shape of a Lorentz curve.  
Since SPPs can propagate along both surfaces of the perforated metal film, two types of 
Fano resonances will be observed. However, it is only the bottom metal surface which is 
adjacent to the ferromagnetic layer that contributes essentially to the TMOKE. Consequently, we 
can assume that the TMOKE enhancement around the two resonances will be significantly 
different, exhibiting obviously a much larger enhancement factor for the SPPs on the bottom 
interface. Furthermore, contrary to uniform films, the optical properties of perforated metals are 
governed not only by SPPs but by other eigenmodes and anomalies as well [42,43]. Indeed, dips 
and peaks in the transmission/reflection spectra might also be due to Rayleigh anomalies or 
Fabry-Perot resonances. Such diversity of optical phenomena usually leads to considerable 
difficulties in their interpretation. Interestingly, TMOKE observation can reveal the difference 
between them: since Rayleigh anomalies (sharp maxima in the reflection spectra of the metallic 
gratings) are related to electromagnetic field singularities when one of the diffracted orders 
becomes tangent to the grating surface and are determined by the grating period, any influence of 
the magnetization on them is impossible. Also the anomalies caused by Fabry-Perot resonances 
inside the slits should not be very sensitive to the magnetization as they are mainly determined 
by slit depth and width [42]. 
So far we analyzed only the first configuration for incidence of p-polarised light. If in the 
same configuration the light is s-polarised, then no SPPs can be excited. It follows from the form 
of the tensor mεˆ  that if 1=μ  then the TMOKE should also vanish. This corresponds to the 
“non-plasmonic” and “non-TMOKE” case (see Table in Fig. 5). If s-polarized light is incident 
along the slits (Fig. 1b) then SPPs are excited. However, no TMOKE is possible since the light is 
polarised perpendicularly to the incidence plane. So here we are dealing with the “plasmonic” 
and “non-TMOKE” case. Finally, if in this configuration the light is p-polarised, SPPs are not 
excited but TMOKE should be present. Thus we can label this situation as “non-plasmonic” and 
“TMOKE”, so that the TMOKE cannot be enhanced by SPPs. 
 
Giant TMOKE in transmission mode 
A more detailed analysis of the nanostructured system can be performed on the basis of 
numerical modeling (see Supplementary 1). Preliminary numerical modeling allowed us to 
design the sample, i.e. determine the gold grating period, gold thickness, and slit width, and to 
adjust the main SPP resonances to the wavelength range of 650 – 850 nm, which is most suitable 
for magnetooptical experiments on bismuth iron garnets. The magnetooptical figure of merit 
given by the ratio of the specific Faraday rotation to the absorption is highest around 750 nm. 
We start from the investigation of the first experimental configuration (Fig. 1a), 
corresponding to the “plasmonic” and “TMOKE” case. Results of the experimentally measured 
zero-order transmission for this case are shown in Fig. 2 a (see Supplementary 3). Comparison 
with the calculated band structure (Fig. 2c) allows us to attribute the pronounced Fano resonance 
(1) in Fig. 2a to the Wood’s anomaly of the 2nd band SPP at the air/gold interface, while the Fano 
resonances (2) and (3) are related to the 2nd and 3rd band SPP at the gold/magnetic-film interface. 
Finally, the prominent transmission peak (4) is attributed to the collective Fabry-Perot cavity 
mode inside the slits.  
The experimentally measured TMOKE parameter δ is defined in accordance to (1) but with 
the reflection coefficient substituted by the transmission coefficient (Fig. 2b). To ensure that the 
sample magnetization is oriented almost completely in the plane, a relatively large external 
magnetic field of 2000 Oe was applied. Outside of the resonances the absolute value of δ is very 
small. Actually in this case, δ cannot be measured experimentally, which means that it is below 
10-3. On this background, pronounced positive (red) and negative (blue) peaks are observed at 
which δ reaches up to 1.5·10-2 demonstrating a TMOKE increase by at least one order of 
magnitude. Electromagnetic modeling for the nonresonant case gives δ=8·10-4 implying an 
enhancement factor of about 20. Compared to the uncovered bare iron garnet film, the 
enhancement factor is much larger, about 103. From these results we can claim that a giant 
TMOKE has been observed in transmission. It should be noted that here we use a magnetic film 
with a relatively small concentration of bismuth. For iron garnets with a composition Bi3Fe5O12 
the specific Faraday rotation is about 6° at λ=630 nm, 13 times larger than for our sample [8]. 
Since the δ-value is proportional to the gyration (and to the specific Faraday rotation), δ should 
be also 13 times larger than the one observed in our experiments, i.e. δ may exceed 0.2. 
The regions of enhanced TMOKE clearly correspond to the regions of SPP excitation at the 
gold/ferromagnet interface (compare Figs. 2a and 2b). No notable TMOKE increase is observed 
for other resonant regions, in agreement with the discussion above. This highlights the 
TMOKE’s sensitivity to the excitation of different eigenmodes. 
 
TMOKE as a new tool for SPP probing 
A close-up of the TMOKE spectral shape is shown in Fig. 3. For normal incidence the 
TMOKE is zero because of the symmetry of the incident light with respect to the structure 
(Fig. 3a). The magnetization induced shift of the SPP resonance frequency vanishes (see (5)) and 
there is degeneracy of the SPPs traveling forward and backward. When k is not normal to the 
surface, the symmetry is broken and the degeneracy is lifted. SPP modes propagating in opposite 
directions are excited at slightly different frequencies and TMOKE appears. δ reaches almost  
10-2 even if the incidence angle is as small as θ=0.8° (Fig. 3a), in resonance with the Fano 
resonance for SPPs on the gold/magnetic-dielectric interface in the vicinity of the Г point of the 
first Brillouin zone. Going from normal to slightly oblique incidence, the transmission spectrum, 
however, does not change notably, in contrast to the TMOKE spectrum. This demonstrates 
sensitivity of the TMOKE to the SPP modes in the structure. No measurable TMOKE signal is 
observed around the other features in the transmission spectrum, the peak at λ=675 nm and the 
dip at λ=675 nm. 
When the incidence angle becomes larger (e.g. θ=5°, Fig. 3b), the eigenfrequencies of the 
two SPPs propagating in opposite directions differ significantly which gives rise to two Fano 
resonances in transmission. TMOKE accompanies both resonances, but with opposite signs of δ, 
reflecting the fact that these resonances are due to SPPs propagating in opposite directions with 
respect to the cross product [ ]NM× . This observation unravels another prominent feature of 
TMOKE in magnetoplasmonic structures: through the sign of δ one can distinguish between 
resonances caused by SPPs propagating in opposite directions. 
For larger angles of incidence the two Fano resonances split further apart and the TMOKE 
signal does not change much (Fig. 3c). It should be noted that similar measurements for negative 
angles of incidence give the same value of δ but with opposite sign. This demonstrates that the 
observed effect is odd in magnetization and not an experimental artifact (Fig. 3d). Above some 
incidence angle (e.g. at θ=15°) the SPP resonance is barely detectable but the TMOKE still 
indicates its frequency position (see peak (i) of δ in Fig.4a). Thus TMOKE allows measurement 
of the energy spectrum of the SPP eigenmodes at a metal/ferromagnetic interface. 
The magnetic field dependence of δ is shown in Fig. 4b for the two main TMOKE peaks (i) 
and (ii) at θ=15°. At small magnetic fields the value of δ grows linearly with magnetic field. In 
accordance to (5) this indicates that the in-plane component of the sample magnetization also has 
a linear dependence on magnetic field. Saturation takes place at a magnetic field strength of 
about 1600 Oe which is in nice agreement with the predicted micromagnetic properties of the 
magnetic film, namely with the value of the effective uniaxial magnetic anisotropy field (see 
Supplementary 2). However, δ reaches relatively high values even for smaller fields. For 
example it is 5·10-3 at 300 Oe field which by far exceeds the noise level and is easily measurable. 
Let us now consider the other possible experimental configurations. In accordance to our 
analysis no TMOKE and no SPP excitation are possible for s-polarized incident light and M 
parallel to the slits (Fig. 1a). This is confirmed by the absence of the extraordinary peaks in Fig. 
5 (curve 1). The incidence of s-polarised light parallel to the slits direction (Fig. 1b) gives rather 
pronounced transmission peaks proving excitation of SPPs and cavity eigenmodes (Fig. 5, curve 
2). As expected no TMOKE is present though, which is approved by numerical calculations. 
Finally, the “non-plasmonic” but “TMOKE” case is considered. For p-polarised light the absence 
of SPPs is clearly indicated by the low transmission (Fig. 5 curve 3). TMOKE signal cannot be 
measured experimentally. This is not surprising since the numerical modeling predicts δ to be no 
more than 10-4 which is below our experimental setup resolution. This case emphasizes the role 
of SPPs for the TMOKE enhancement: If SPPs are not excited, δ is reduced by two orders of 
magnitude. 
 
Conclusion 
We proposed and fabricated a new magnetooptical material that is a plasmonic crystal 
consisting of a smooth epitaxial magnetic film covered by a thin gold layer perforated with a 
periodic subwavelength slit array. Such a structure has three important features, namely, (i) it is 
periodically nanostructured, (ii) it is plasmonic, and (iii) it is magnetic. The main aim of our 
study was to identify how the first two features affect the magnetooptical properties of the 
structure and in particular whether they can be used to enhance the magnetooptical effects. This 
has been accomplished exemplary by addressing the TMOKE in transmission. 
Numerical calculations showed that TMOKE for bare iron garnet film is very small   δ~10-5, 
both for transmitted and reflected light. When the film is covered by a smooth gold layer, the 
TMOKE is resonantly enhanced up to δ~5·10-3 but it can be observed only in reflection while the 
transmission almost vanishes. If the second feature – nanostructuring – comes into play 
extraordinary optical transmission appears with the giant TMOKE δ reaching 1.5·10-2. A unique 
property of the TMOKE in transmission geometry is that the effect occurs solely due to the 
magnetic film boundary conditions and does not depend on the bulk component. This 
distinguishes the effect from all other magnetooptical effects in transmission and implies its 
potential use for applications in systems where subwavelength light localization is crucial. 
Further, we demonstrate ultra high sensitivity and selectivity of the TMOKE in perforated 
systems. The high selectivity arises from the enhancement only for the resonances related to 
excitation of SPPs on the metal/magnetic dielectric interface. TMOKE is very sensitive to small 
deviations of light incidence from normal incidence. Moreover, it changes sign for SPPs 
traveling in opposite directions. Thus, TMOKE can become an important tool for complete 
characterization of plasmonic nanostructures. 
Even though we paid here only attention to TMOKE, our previous study [30] allows us to 
claim that the proposed class of magnetoplasmonic heterostructures can be used to enhance also 
other magnetooptical effects such as the Faraday effect and the polar and the longitudinal Kerr 
effect. The appearance of these effects depends on the orientation of magnetization in the 
sample, which can be easily controlled by relatively small external magnetic field on the order of 
100 Oe. Based on this performance these structures are very promising for applications in ultra 
high sensitivity devices and optical data processing. Moreover, relying on recent experimental 
results for the inverse Faraday effect [46] one may anticipate use of the proposed material for all-
optical magnetic data storage devices operating at ultrafast (THz) frequencies. 
 
Supplementary: Methods 
 
1. Calculation method 
Electromagnetic modeling of transmission and TMOKE spectra was performed on the basis 
of the rigorous coupled waves analysis (RCWA) technique [44] extended to the instance of 
gyrotropic materials [45]. Since the heterostructure is periodic, the electromagnetic field 
components in each layer can be represented as a superposition of Bloch waves. The Maxwell 
equations are written in a truncated Fourier space. The electromagnetic boundary conditions are 
then applied at the interfaces between the substrate region, the individual grating slabs, and 
finally the upper surface of the structure. The sequential application of electromagnetic boundary 
conditions reduces the computing effort for the reflected and the transmitted diffracted field 
amplitudes to the solution of a linear system of differential equations. To improve convergence 
of the method we employed the correct rules of Fourier factorization introduced in [45]. Using 
this method we obtained satisfactory convergence for 41 diffraction orders. 
For the ferromagnetic film permittivity 2ε  and the absolute value of the gyration vector g  
we used our experimental data. Dispersion of both quantities was taken into account: e.g. at 
λ=650 nm i018.012.5ε 2 += , 310)4.04.3( −⋅+= ig  and at λ=750 nm i005.001.5ε 2 += , 
310)2.09.1( −⋅+= ig . For the permittivity of gold we took the experimental data from [35]. 
 
2. Sample preparation 
The magnetic layer of the magnetoplasmonic structure is a 2.5 micron thick bismuth-
substituted rare-earth iron garnet film with composition Bi0.4(YGdSmCa)2.6(FeGeSi)5O12, grown 
by liquid phase epitaxy with a Bi2O3 : PbO : B2O3 melt on a gadolinium gallium garnet 
Gd3Ga5O12 substrate with orientation (111). The film possesses an uniaxial magnetic anisotropy 
and a maze-like domain structure. The stripe domain width is 2.4 µm and the Curie temperature 
is 242 oC. The saturation magnetization of the film is 4πMs = 453 G, the bubble collapse field is 
238 Oe. The value of effective uniaxial magnetic anisotropy field Hk* = 1600 Oe, implying that 
application of an in-plane magnetic field with strength 1600 Oe leads to disappearance of the 
maze-like domain structure and results in a nearly complete in-plane magnetization orientation. 
The specific Faraday rotation is 0.46 deg/µm at wavelength 633 nm.  
 The magnetoplasmonic sample of structure shown in Fig.1 was fabricated by the following 
procedure. After initial cleaning of the iron garnet magnetic film in a O2 plasma, a gold layer was 
deposited on it by a thermal evaporation process. PMMA 950 e-resist was spin coated on the 
gold layer at 3000 rpm and grating lines over a 1mm2 area were drawn on the resist by electron 
beam lithography (Raith e-Line) using the Fixed Beam Moving Stage (FBMS) technique. For 
large area gratings, one has to take care of stitching errors, edge distortion, and proximity effect 
in addition to getting vertical walls of the grooves. We optimized the aperture, write field, dose 
and acceleration voltage to obtain the envisioned grating parameters. We used a 10 µm aperture 
with a write field of 100x100 µm2, a dose of 110 µC/cm2 and an acceleration voltage of 14 kV. 
The samples were then developed in Methyl Isobutyl Ketone (MIBK) for 90 sec at 21°C 
followed by rinsing in Isopropyl Alcohol (IPA) for 30 sec. In the next step, the pattern was 
transferred to the metal by reactive ion etching (RIE) using an Ar-ion plasma. The dry etch 
process was carried out to first calibrate the etch rates of both PMMA and Gold in Cl2 and Ar 
plasmas. The Ar plasma process was found suitable to get no unpatterned Gold underneath the 
gratings and also to achieve the required grating depth. For achieving optimum grating 
parameters we have used thicker resist (300nm) and Gold layers (140nm). The etch process 
parameters were: etch time 7 min., flow rate 50 sccm, RF power 135W, and chamber pressure 
0.2 Pa.  
The sample was characterized by a AFM. The period and groove width were verified by 
SEM imaging. The grating parameters obtained are: depth of the grooves 120 nm, period 595 nm 
and air groove width 110nm. 
 
3. Experimental set up and measurements 
For magneto-optical measurements we used a halogen lamp as a source of white light. The 
collimated light was focused at the sample onto a spot with diameter of about 300-500 μm and 
an aperture angle below 1°. To perform measurements at different angles of light incidence the 
sample was mounted on a rotation stage. The zero-order transmission signal was spectrally 
dispersed with a single monochromator (linear dispersion 6.28 nm/mm) and detected with a 
charged coupled devices camera. The overall spectral resolution was below 0.3 nm. The 
polarization direction of the transmitted light was selected by a polarizer in the detection path. 
Magnetic fields up to 4 kOe were applied in transverse geometry using a water cooled 
electromagnet. During measurements the sample was at room temperature. 
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Fig. 1 Magnetoplasmonic heterostructure consisting of a periodically patterned gold layer on top 
of a bismuth iron garnet film grown on a gadolinium gallium garnet substrate. Two orientations 
of the magnetization M are considered: M is either parallel (a) or perpendicular (b) to the slits. 
The parameters of the perforated gold layer are d=594 nm, r= 110 nm, and h=120 nm. Inset: 
SEM image of the perforated gold structure. 
 
 
 
 
Fig. 2 Contour plots of measured and calculated transmission and TMOKE versus photon energy 
and angle of incidence (a-c) and dispersion diagram for SPPs (d) in the configuration with M 
along the slits and p-polarised incident light (see Fig. 1a). In-plane magnetic field is 2000 Oe. (a) 
experimentally measured transmission, (1) – (4) indicate transmission spectrum features related 
to SPPs or Fabry-Perot eigenmodes. (b) Experimentally measured relative change of 
transmission δ. (c) Dispersion diagram for SPPs at the gold/air interface (thick red line) and at 
the gold/iron-garnet interface (thin blue lines), calculated in the free lattice approximation within 
the first Brillouin zone. Inclined green straight lines indicate the light lines for angles of 
incidence equal to 5º, 10° and 15º. (d) Calculated TMOKE parameter δ. 
 
 
 
 
Fig. 3 Transmission (thick black curves) and TMOKE (thin red and green curves) spectra 
measured at different incidence angles: (a) θ=0º (green curve) and θ=0.8º (red curve); (b) θ=5º; 
(c) θ=8º; (d) θ=-10º (green curve) and θ=10º (red curve). In-plane magnetic field strength is 2000 
Oe. M is along the slits (see Fig. 1a). Light is p-polarised. 
 
 
 
 
 
 
Fig. 4 Transmission and TMOKE spectra and magnetic field dependence of the TMOKE. (a) 
Transmission (thick black curve) and TMOKE (thin red curve) spectra measured at θ=15°. M is 
along the slits (see Fig. 1a), light is p-polarised. (b) Magnetic field dependence of the absolute 
value of δ at peaks (1) – black squares and (2) – red circles. 
 
 
 
 
 
Fig. 5 Experimental transmission and TMOKE spectra for the configurations of (1) M parallel to 
the slits (the incidence plane is perpendicular to the slits), s-polarization of light (red curves), (2) 
M perpendicular to the slits (the incidence plane is along the slits), s-polarization (black curves), 
and (3) M perpendicular to the slits (incidence plane is along the slits), p-polarization (green 
curves). Table: different cases for the generation of SPPs and TMOKE. 
 
